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A  TECHNIQUE  FOR  COMBINING  RELATED 

REGRESSIONS  INTO  ONE  EQUATION  -' 
by 
Harry  V.  Wiant ,  Jr.  U 

Division  of  Forestry,  West  Virginia  University, 
Morgantown,  WV   26506 

ABSTRACT :   Related  regressions  can  be  combined  into  one  formula  if  intercept 
and  slope  values  can  be  fitted  to  a  common  variable. 


Foresters  sometimes  develop  a  series  of  related  regression  equations  and 
wish  to  combine  these  into  one  expression  for  convenience  computerization 
and  modeling  purposes.   The  technique  presented  in  this  paper  has  been  used 
in  previous  site  index  studies  (Wiant  1975:   Wiant  and  McQuilkin  1976).   The 
procedure  will  be  illustrated  here  for  simple  linear  regressions,  although 
it  was  proved  useful  for  combining  related  nonlinear  regressions  also  (Wiant 
and  Castaneda   1977). 

Procedures:   A  site  index  prediction  table  for  sassafras  (Sassafras  albidum 

(Nutt.)Nees)on  the  West  Virginia  University  Forest  near  Morgantown  was  developed 
using  the  stem-analysis  procedure  described  by  McQuilkin  (1974).   Sassafras, 
in  mixed  stands,  is  generally  a  short-lived  species.   For  that  reason, 
height  at  20  years  was  used  as  site  index.   A  series  of  linear  regressions 
was  obtained  relating  site  index  (SI)  to  height  (H)  for  given  ages,  as  follows 


Age  (yrs.) 

Reg 

ression 

equation  of  the  form:   Y  = 

=  a  +  bX 

10 

SI 

_ 

11.63  +  1.329  H 

15 

SI 

= 

6.01  +  1.079  H 

25 

SI 

= 

-7.74  +  1.013  H 

30 

SI 

= 

-17.20  +  1.082  H 

35 

SI 

= 

-27.90  +  1.178  H 

40 

SI 

= 

-47.36  +  1.454  H 

1/   Published  as  West  Virginia  University  Agricultural  Experiment  Station 
Scientific  Paper  No.  1425. 

2/   Professor,  Division  of  Forestry,  West  Virginia  Universitv,  Morgantown. 
WV  26506. 
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Fig.  1  -  Intercept  (a)  values  related  to  age, 
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Fig.  2  Slope  (b)  values  related  to  age 
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The  results  of  these  regressions  plus  interpolations  between  the  equations 
were  used  to  develop  a  site  index  prediction  table  at  1-year  and  2-feet 
intervals. 

To  combine  these  equations,  intercept  values  (a-values)  were  plotted  over 
age  (A).   A  second  degree  polynomial  provided  a  satisfactory  fit  (Figure  1, 
R2  =  0.99)  where: 

a  =  10.37057  +  0.50599A  -0.04775A2 

A  second  degree  polynomial  also  provided  a  good  fit  of  slope  values  (b-values) 
over  age  (Figure  2,  R2  =  0.97)  where: 

b  =  1.94369  -0.08058A  +  0.00170A2 

The  combined  equation,  then  is: 

SI  =  (10.37057  +  0.50599A  -0.04775A2)  + 
(1.94369  "0.08058A  +  0.00170A2)  H 

If  one  finds  more  complicated  fits  of  a-  and  b-  values  over  age  are  needed, 
the  matchacurve  system  may  prove  useful  (see  Jensen  1973;   Jensen  and  Homeyer 
1970,  1971). 

To  evaluate  the  accuracy  of  the  combined  equation,  values  in  the  site  index 
prediction  table  are  compared  to  those  calculated  using  this  equation  (Wiant 
1975;  Wiant  and  McQuilkin  1976). 


Discussion:   The  technique  described  here  is  a  general  one  and  should  prove 
useful  for  many  purposes  other  than  the  formulation  of  site  index  prediction 
tables.   Further  work  is  needed  to  determine  the  feasibility  of  attaching 
significance  levels  to  such  combined  equations. 
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Current  Literature 
Please  order  directly  from  addresses  given. 

General 

ARM-H-1.   "National  Program  of  Research  for  Forests  and  Associated  Range- 
lands"  -  Proceedings  of  a  National  Working  Conference  are  available  from 
Deputy  Chief  for  Research,  USDA  Forest  Service,  P.O.  Box  2417,  Washington, 
D.C.   20250. 


"RCA  -  Soil  and  Water  Resources  Conservation  Act  -  National  Manual"  check  for 
price  and  availability  from  Superintendent  of  Documents  U.S.  Government 
Printing  Office,  Washingtonc  D.C.   20402.  Stock  No.  001-007-00901-4. 


Data  Processing 

Three  computer  programs  useful  to  professional  foresters  are  being  made  avail" 
able  by  the  University  of  New  Hampshire's  Institute  of  Natural  and  Environ- 
mental Resources  which  has  developed  and  tested  them. 

INVENT,  a  forest  inventory  program,  can  be  employed  to  determine  the  existing 
size  and  volume  of  various  tree  species  of  standing  timber. 

MIXUP,  developed  from  a  growth  simulation  model,  will  provide  an  economic 
analysis  of  the  feasibility  of  thinning  for  all  New  Hampshire  tree  species. 

SURVEY-  a  general  purpose  surveying  program  which  computes  areas  and  "offsets", 

The  programs  are  being  offered  on  an  "at  cost"  basis:   INVENT  at  35  cents  per 
inventory  plot  and  SURVEY  at  $5  for  each  15  stations.   The  charge  for  an 
average  MIXUP  run  is  $5. 
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Additionally,  INER  can  process  foresters'  data  using  other  forestry  programs 
developed  by  such  agencies  as  the  U.S.  Forest  Service  and  Agricultural 
Experiment  Stations  of  state  land-grant  universities. 

Computations  will  be  made  using  the  data  on  tally  sheets  supplied  INER  by 
subscribing  consulting  and  public  foresters. 

Information  on  the  new  service  is  available  from  David  Linden,  graduate 
research  assistant,  and  Prof.  James  P.  Barrett,  INER,  James  Hall,  UNH, 
Durham,  N.Y.   03824,  tel.  (603)  862-1700,  who  are  also  accepting  requests 
to  discuss  the  computer  programs  with  interested  forester  groups. 

"Computer-Assisted  Instruction  in  Forestry"  by  Dieter  R.  Pelz  in  Journal 

of  Forestry,  76  (9)  :  570-573,  Sept.  1978  at  your  local  Conservation  Library, 

Forestry  Research  Report  No.  77-6  "IFMAG-The  Illinois  Forest  Management 

Game" 

and 

Forestry  Staff  Paper  No.  78-2  "Illinois  Forest  Management  Game  Program 
Documentation"  are  available  from  Dieter  R.  Pelz,  Department  of  Forestry, 
University  of  Illinois,  Urbana,  Illinois   61801. 

FORESTRY 

Circular  606  "Preliminary  Weight  and  Cubic  Foot  Volume  Tables  for  Small  - 
Diameter  Ponderosa  Pine  in  Central  Washington"  from  College  of  Agri. 
Res.  Ctr.,  Washington  State  University,  Pullman,  WA  99163. 


Bull.  710  "A  Study  of  Owners  of  Small  Timber  Tracts  in  Louisiana"  from 
Louisiana  Agric.  Exp.  Sta.,  P.O.  Drawer  E,  University  Station, 
Baton  Rouge,  LA   70893. 


Reprint  "Forest  Inventory  Data  and  Construction  of  Growth  Models"  by  Stage. 

Reprint  "Ecological  Classification  of  Forest  Land  in  Idaho  and  Montana" 
by  Pfister. 

Res.  Bull.  INT-12  "Timber  Resources  of  Western  South  Dakota" 

Res.  Paper  INT-209  "Comprehensive  Tree  Volume  Equations  for  Major  Species 
of  New  Mexico  and  Arizona:   I.  Results  and  Methodology". 

All  from  Intermountain  Forest  &  Range  Exp.  Sta.,  507  25th  Street,  Ogden, 
UT  84401. 


"Slope  -  Compensating  Stick-Type  Angle  Gage"  by  R.O.  Meeuwig  in  Southern 
Journal  of  Applied  Forestry,  Vol.1  (3):  25-26,  Aug.,  1977  at  you  local 
Conservation  Library. 
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PROTECTION 

The  Forest  Insect  and  Disease  Management  Methods  Application  Group,  2810 
Chiles  Rd.,  Davis  CA   95616  puts  out  an  interesting  newsletter.   The 
September,  1978  issue  has  a  couple  of  short  articles  on  the  use  of  aerial 
photography  in  conducting  insect  surveys. 


Rept.  78-1  "Detection  Survey  for  the  Smaller  European  Elm  Bark  Beetle  in 

Montana  Using  Pheromone  -  Baited  Sticky  Traps"  from  Montana  Natural 

Resources  and  Conservation,  Division  of  Forestry,  2705  Spurgin  Rd., 
Missoula,  MT   59801. 


Res.  Note  RM-354  "Estimating  Fuel  Weights  of  Two  Common  Shrubs  in  Colorado 
Lodgepole  Pine  Stands". 

From  Rocky  Mt.  Forest  and  Range  Exp.  Sta. ,  240  West  Prospect  St., 
Ft.  Collins,  CO   80521. 


Tech.  Note  319  "Intensive  Forest  Inventory  -  A  Selected  Bibliography"  by 
Thomas  R.  Costello  and  Linn  Pettijohn  -  Drop  us  a  card  for  copy. 


Gen.  Tech.  Rept.  INT-43  "Planning  and  Evaluating  Prescribed  Fires  -  A 
Standard  Procedure". 

Res.  Paper  INT-206  "Predicting  Slash  Depth  for  Fire  Modeling". 

Reprint  "A  System  of  Using  Aerial  Photography  to  Estimate  Area  of  Root 
Disease  Centers  in  Forests"  by  Williams  &  Leaphart. 

Res.  Note  INT-245  "Linear  Measurement:   A  Method  of  Estimating  Fascicle 
Numbers  for  Larch  Casebearer  Population  Sampling". 

All  from  Intermountain  Forest  and  Range  Exp.  Sta.,  507  25th  St.,  Ogden, 
UT   84401. 


RANGE 

Science  Series  No.  32  "Range  Resource  Types  in  North  Park,  Colorado" 
Write  for  availability  to  Range  Sciences  Dept . ,  Colorado  State 
University,  Ft.  Collins,  CO   80521. 


Bull.  856  "Maximizing  Stocking  Rates  With  Common-Use  and  Proper-Use 

Grazing"  from  College  of  Agri.  Research  Center,  Washington  State 
University,  Pullman,  WA  99163. 


Gen.  Tech.  Rept.  RM-53  "A  Vegetative  Key  to  Some  Common  Arizona  Range 
Grasses"  from  Rocky  Mountain  Forest  and  Range  Exp.  Sta.,  240  West 
Prospect  St.,  Fort  Collins,  CO  80521. 
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REMOTE  SENSING 

Reprint  "The  Space  Connection" 

and 
"Forest  Inventory  With  LANDS AT  -  Phase  II,  Washington  Forest  Productivity 

Study"  from  State  Dept.  of  Natural  Resources,  Technical  Services 

Division,  Olympia,  WA  98504. 

Reprints  "Potential  Applications  of  Satellite  Imagery  in  Some  Types  of 

Natural  Resource  Inventories";  "Improving  Land  Cover  Classification 
by  Image  Stratification  of  LANDSAT  Data",  and  "EROS  Data  Center  LANDSAT 
Digital  Enhancement  Techniques  and  Imagery  Availability,  1977"  are 
available  from  Wayne  G.  Rohde,  Technicolor  Graphic  Services  Inc.,  EROS 
Data  Center,  Sioux  Falls,  SD  57198. 

Res.  Notes  No.  204  "Forest  Type  Mapping  Accuracy  in  an  Urban  Area  Using 
Small  Scale  Color  and  Color  Infrared  Photograph"   from  Agric.  Exp. 
Sta.,  136  Agricultural  Hall,  1450  Linden  Dr.,  University  of  Wisconsin, 
Madison,  WI   53706. 


LANDSAT  Newsletter  -  available  from  Missions  Utilization  Office,  Code  902, 
NASA  -  GSFC,  Greenbelt,  MD   20771. 


"Idaho  Irrigated  Cropland  Inventory"  in  Pixel  Facts,  Vol.  No.  16,  Sept.,  1978 
from  NASA,  Ames  Research  Center,  Moffett  Field,  CA  94035. 

********** 

Meetings 

Aerial  Photography/Aerial  Photo  Interpretation  Workshop  sponsored  by  the 
College  of  Forestry,  Wildlife  and  Range  Sciences  and  Office  of  Continuing 
Education,  University  of  Idaho,  February  5-9,  1979. 

The  course  is  for  those  land  resource  managers  who  have  not  had  or  who  need 
a  refresher  on  such  topics  as:   obtaining  aerial  photography,  small  format 
camera  systems,  preparing  and  viewing  aerial  photos  stereoscopically , 
determining  scale,  distances,  heights,  slopes,  and  area,  making  simple  maps, 
and  interpreting  vegetation  and  landform.   Cost  $140. 

Contact  Dr.  Joseph  J.  Ulliman,  College  of  Forestry,  Wildlife  and  Range 
Sciences,  University  of  Idaho,  Moscow,  Idaho   83843. 

Introduction  to  Renewable  Resource  Inventory  Methods,  will  be  presented 
March  5-9,  1979,  at  the  University  of  California,  Berkeley. 

The  course  focuses  on  the  inventory  design  process,  emphasizing  sampling  and 
measurement  systems  and  the  integration  of  aerial  photography,  satellite 
spectral  data  and  conventional  ground  data  into  such  systems.   Forest  and 
rangeland  inventory  problems  will  be  used  to  illustrate  the  principles  and 
techniques  discussed  in  lecture  and  workshop  sessions. 
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Workshop  exercises  will  cover  sampling  skills,  aerial  photography  and 
satellite  imagery  for  stratification,  and  measurement  techniques  applicable 
to  large  and  medium-scale  photography. 

Enrollment  is  limited,  and  participants  will  be  selected  on  the  basis  of 
their  field  of  inventory  interest  and  their  job  responsibilities.   For 
details  write:   Division  of  Letters  and  Sciences,  University  of  California 
Extension,  2223  Fulton  St.,  Berkeley,  CA  94720,  or  call  (415)  642-1061.  The 
fee  will  be  $350. 


"Dispersed  Recreation  and  Natural  Resource  Management:   A  Focus  on  Issues, 
Opportunities  and  Priorities"  will  be  held  April  26-27,  1979  as  part  of 
Utah  State  University's  Conservation  Week  Symposium.   Write  Office  of  the 
Dean,  College  of  Natural  Resources,  Utah  State  University,  Logan,  UT   84322 
for  details. 


The  Biennial  Workshop  on  Color  Aerial  Photography  in  Plant  Sciences  and 
Related  Fields  will  be  held  in  May  1979  at  Davis,  California.   For  details 
contact  William  M.  Ciesla,  WO-FI&DM  Methods  Application  Group,  Forest  Service, 
USDA,  2810  Chiles  Road,  Davis,  CA  95616. 


Sampling  Designs  for  Successive  Inventories.   A  workshop  sponsored  by  Colorado 
State  University  Dept.  of  Forest  and  Wood  Sciences  and  the  SAF  Inventory 
Working  Group  will  be  held  July  16-20,  1979.   Registration  will  be  $300. 
Contact  the  Office  of  Conferences  and  Institute,  Rockwell  Hall,  Colorado  State 
University,  Fort  Collins,  CO  80523  for  details. 


1979  Forest  Inventory  Workshop  -  National  meeting  sponsored  by  SAF,  IUFR0  and 
Colorado  State  University  is  slated  for  July  23-27.   Watch  the  "Notes"  for 
further  developments  and  plan  to  attend. 


Remote  Sensing  for  Natural  Resources  -  An  international  view  of  problems, 
promises  and  accomplishments  sponsored  by  the  Univ.  of  Idaho,  IUFRO  and  SAF, 
Dates  are  September  10-14,  1979. 

Wanted.'   Lead  articles,  current  literature  and  meeting  announcements  for 
publishing  in  the  "Notes".   If  announcing  a  meeting,  please  allow  at  least 
a  four  month  lag  time. 


Change  of  Address?   Be  sure  to  send  us  your  old  label.   If  you  want  to  get 
on  our  mailing  list,  drop  us  a  line. 

Ideas  Wanted:   The  Subsecretaria  Forestal  y  de  la  Fauna,  Direccion  General 
de  Investigacion  y  Capacitacion  Forestales  and  the  Society  of  American 
Foresters  Inventory  Working  Group  are  planning  a  workshop  on  Arid  Land 
Resource  Inventories  to  be  held  in  La  Paz,  Mexico  in  the  fall  of  1980. 

The  arid  lands  of  the  world  have  frequently  been  considered  wasteland. 
However  the  lands  contain  many  values  including  unique  scenery,  wildlife 
populations,  herbage,  shrubs  and  trees. 
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In  recent  years,  demands  on  arid  lands  have  been  increasingly  attractive 
for  recreation,  urban  development,  archeological  searching,  domestic 
livestock  grazing  and  wood  products.   To  assure  protection  and  proper 
management  of  amenity  and  non-amenity  values,  inventories  of  the  basic 
attributes  of  the  arid  lands  are  required. 

The  remoteness  and  relatively  low-economic  value  of  these  lands  make 
inventory  design  a  challenging  problem.   At  this  time  we  are  soliciting 
ideas  on  the  structure  and  content  of  a  workshop  addressing  this  problem. 
Send  your  suggestions  to  H.  Gyde  Lund,  Bureau  of  Land  Management, 
Denver  Service  Center,  Denver  Federal  Center,  Building  50  (D-340) , 
Denver,  Colorado  80225  by  1  January  1979. 

**********  GPO  848-105 
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